Abstract. Self-assembly fishbone-like PbMoO 4 were fabricated via separation of Pb 2+ from plumbeous solution and combining with MoO 4 2-in another solution containing organic dye, based on a supported liquid membrane (SLM) system. The photocatalytic activity of PbMoO 4 to degrade the organic dye was measured, which revealed that the PbMoO 4 was efficient and stable photocatalyst for degradation of both Rhodamine B (RhB) and Methylene Blue (MB) under the irradiation of ultraviolet light. The PbMoO 4 after photocatalytic measurement were collected and characterized by X-ray powder diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), and UV-vis spectroscopy (UV-vis). A possible formation mechanism of fishbone-like PbMoO 4 was discussed. This separation-assembly coupling technique (SACT) is a novel way to combine separation of heavy metal ions in wastewater, preparation of self-assembly functional nanomaterials and degradation of organic contaminations, based on an SLM system.
Introduction
It is so often that high concentration of heavy metals are contained in many industrial wastewaters produced by metal plating, metal finishing, mining, automotive, aerospace, battery and general chemical plants [1] . Thus, water pollution with heavy metal ions is a serious problem due to their serious toxicity to human beings and other living organisms [2, 3] . Lead(II) is a toxic metal ion frequently found in wastewater coming from industrial effluents. Maximum contaminant level(MCL), which is the highest permissible level of a contaminant in drinking water, has been established by the United States Environmental Protection Agency(USEPA) in 0.015mg L -1 , while the maximum contaminant level goal (MCLG, i.e., the level of a contaminant in drinking water below which there is not known or expected health risk) has been set by USEPA at zero, indicating the extreme potential toxicity of lead [4] .
To remove lead ions from industrial wastewater, some conventional heavy metal removal processes such as biosorption [5] [6] [7] [8] [9] , chemical precipitation [10] , coagulation, complexing, solvent extraction [11] [12] [13] , electro-membrane processes [14] [15] [16] , ion exchange [17, 18] , and ion exchange/adsorption on solid surfaces [19] have been developed. However, there are some inherent shortcomings such as requiring a large area of land, a sludge dewatering facility, skillful operators, high capital and regeneration costs and multiple basin configurations [10] . Recently, some novel methods [20] [21] [22] [23] have been reported for the removal of lead ions.
For the first time, to the best of our knowledge, a separation-assembly coupling technique (SACT) was employed to separate Pb 2+ from plumbeous solution and combine with MoO 4 2-to self-assemble fishbone-like PbMoO 4 in another solution containing organic dye, based on a supported liquid membrane (SLM). Sequently, the fishbone-like PbMoO 4 was utilized to degrade organic dye under irradiation of ultraviolet light and collected after degradation to be characterized. This SLM-based technique is of basis of theory and practice. On one hand, SLM is one of liquid membrane types and one of the most efficient membrane based methods of separation [24] . In SLM, usually organic liquid is imbedded in small pores of a polymer support and is kept there by capillary forces. If the organic liquid is immiscible with the aqueous feed and strip streams, SLM can be used to separate the two aqueous phases. It may also contain an extractant, a diluent which is generally an inert organic solvent to adjust viscosity and sometimes also a modifier to avoid so-called third phase formation. Relatively small volume of organic components in the membrane and simultaneous extraction and reextraction in one technological step offers the advantages of possible usage of expensive carriers, high separation factors, easy scale-up, low energy requirements, low capital and operating costs, etc. On the other hand, since the year of 2004, one research group have synthesized sulfides(Cu 7 S 4 , ZnS) [25] [26] , carbonates(CaCO 3 , MnCO 3 , SrCO 3 ) [27] [28] [29] [30] , tungstates(SrWO 4 , BaWO 4 ) [31, 32] and bunched PbMoO 4 nanobelts [33] via biomimetic supported liquid membrane (SLM) system. Additionally, Bi et al. have studied the photocatalytic activity of PbMoO 4 particles prepared via a simple solvothermal process [34] . Therefore, it is practicable and significative to couple separation technique and fabrication of nanomaterials for environment protection.
Experimental

Separation of Pb
2+ and assembly of PbMoO 4。 All chemicals used were analytical grade, purchased from Shanghai Chemical Co. and used without further purification. In a typical procedure, 0.2 g o-phenanthroline (Phen), as mobile carrier, was added into 80 mL chloroform under vigorous stirring at 3000 rpm for 15 min to form an oil phase. Then a dried polymer membrane was immersed into the oil phase for 48 h to form SLM. The polymer membrane, a kind of commercial product, is a micro-pore film made by esterified fibrin and the pore diameter is about 200-250 nm. The SLM was treated with filter paper to eliminate remnant oil on the surface. Then the SLM was solidified in a reactor to separate it into two horizontal compartments, which were respectively filled with a mixture of 30 mL of 20 mgL-1 organic dye (Rhodamine B(RhB) or Methylene Blue (MB)) and 0.35 mL of 0.1 M Na 2 MoO 4 and 10 mL of 0.01 M Pb(Ac) 2 solutions, both of solutions with same height. White precipitation was generated in the mixture of organic dye and Na 2 MoO 4 side and the mixture solution with precipitation were irradiated under ultraviolet light to evaluate the photocatalytic activity of the precipitation to degrade the organic dye after 50 hours reaction. After the measurement of photolysis, the precipitation was collected and washed by distilled water, acetone, and absolute ethanol in turn. The obtained white product was kept in absolute ethanol to be characterized. Photocatalytic activity of the as-obtained PbMoO 4 to degrade organic dyes.The photocatalytic reactions were carried out in a glass cell containing the reaction mixture irradiated by a 300 W medium pressure mercury lamp. The reaction temperature was maintained at room temperature by water cycling. Prior to light illumination, the reaction mixtures were sonicated for 5 min to obtain a homogeneous suspension and set in the dark for 120 min to achieve adsorption equilibrium. In each experiment, the generated white precipitation (PbMoO 4 , theoretical product weight 12.85 mg) was catalysts and the organic dye (RhB or MB) was 30 mL of 20 mgL -1 . The degradation of organic dye during the photocatalytic experiments was monitored by UV-vis spectroscopy.
Characterizations
The collected white precipitation were characterized using X-ray powder diffraction (XRD) (Bruker D8-advance, Cu Ka, k = 0.154056 nm), scanning electron microscopy (SEM) (Philips XL-30E), transmission electron microscopy (TEM) (Hitachi Model 800) and UV-vis spectroscopy. Fig. 1 shows the RhB dye (a) and MB dye (b) decomposition on the precipitation under ultraviolet light irradiation as a function of time. It was found that after 120 min and 150 min, respectively, of irradiation, the degradation percentages of RhB dye and MB dye was both approximately 100%, while those of the RhB photolysis and MB photolysis without catalyst were about 0% and less than 50%, respectively. Thus, the precipitation generated in the mixture of organic dye and Na 2 MoO 4 side
Results and discussion
The 2016 International Conference on Advances in Energy, Environment and Chemical Science (AEECS 2016) was an efficient photocatalyst under the irradiation of ultraviolet light. The XRD results shows that the precipitation was PbMoO 4 , and its theoretical output is 12.85 mg, therefore, the degradation rates of RhB and MB were at least 0.39 mg/(min·gcat) and 0.31 mg/(min·gcat), respectively. After the experiment of photocatalytic activity, the precipitation generated through SLM system was collected and washed by distilled water, acetone, and absolute ethanol in turn. XRD, SEM, TEM and UV-vis were employed to characterize the as-obtained precipitation. Fig.2 shows the characterization results of the product generated in the mixture of RhB dye and Na 2 MoO 4 side after photocatalytic experiment. Fig.2(c) presents the XRD pattern of the product. All peaks in the pattern are well indexed to tetragonal phases of PbMoO 4 , and the corresponding JCPDS number is 44-1486. The cell lattice constants of product are calculated and corrected by MDI Jade (5.0 Edition) software. SEM and TEM were used to examine the size and morphology of the product. The results (Fig.2 (a) and (b) ) reveal that the product is of fishbone-like morphology. Fig.2 (d) is UV-vis absorption spectrum of the fishbone-like PbMoO 4 in the medium of ethanol. It is clear that there are two absorption peaks at about 281 nm and 371 nm, respectively. Fig.3 shows the characterization results of the product generated in the mixture of MB dye and Na 2 MoO 4 side after photocatalytic experiment. The results of XRD, SEM and UV-vis are the same to those of the product generated in the mixture of RhB dye and Na 2 MoO 4 side. It is confirmed that precipitation (PbMoO 4 ) with fishbone-like morphology can be generated by separation-assembly coupling technique (SACT) based on supported liquid membrane (SLM) system which RhB dye or MB dye was mixed with Na 2 MoO 4 as one of the sides.
To investigate the effect of SLM on the formation of the products, chemical precipitation method was employed to prepare PbMoO 4 . Fig.4 Based on above-obtained SEM, TEM and XRD results, it is clear that Pb 2+ can be separated from plumbeous solution and self-assembled fishbone-like PbMoO 4 can be obtained through the combination between Pb 2+ and MoO 4 2-in another side of membrane via SLM system. Consulting previous reference [35] , a formation mechanism about fishbone-like PbMoO 4 is proposed as follows: First, Pb 2+ ions combined with Phen and were carried and collected to other side of SLM system by the selective transportation. Thus, the concentration of Pb 2+ was rather high on the surface of membrane, which provided a large supersaturation favoring the formation of PbMoO 4 nuclei. Furthermore, the high concentration of Pb 2+ ions around a PbMoO 4 nucleus also favors kinetic crystal growth. However, the concentration of MoO 4 2-ions was relatively low around the PbMoO4 nucleus and also low in the regions far from the nucleation centers. Thus, the concentration gradient was small for MoO 4 2-ions. According to Fick's first law, the diffusion rate of ions is proportional to the concentration gradient of the ions. Thus, MoO 4 2-ions diffused only slowly into the PbMoO 4 nucleation regions, which limited the crystal growth rate. Therefore, the nanoparticles self-assembled into fishbone-like PbMoO 4 .
As known for the people, there are many heavy metal ions in industrial wastewater. SACT as a novel method can be employed to separate metal ions from wastewater and prepare various functional nanomaterials simultaneously. 
Conclusions
Based on a supported liquid membrane (SLM) system, Pb 2+ was separated from plumbeous solution and was self-assembled into fishbone-like PbMoO 4 through combining with MoO 4 2-in another solutioncontaining organic dye. The photocatalytic activity of the obtained PbMoO 4 to degrade the organic dyewas measured, which revealed that the product was efficient and stable photocatalyst for degradation ofboth Rhodamine B (RhB) and Methylene Blue (MB) under the irradiation of ultraviolet light. The PbMoO 4 after photocatalytic measurement were collected and characterized by a series of moderntechniques. A possible formation mechanism of fishbone-like PbMoO 4 was discussed. This separation-assembly coupling technique (SACT) is a novel way to combine separation of heavy metal ions in wastewater, preparation of self-assembly functional nanomaterials and degradation of organic contaminations.
